TECHNIQUES FOR ALIGNING IMAGES USING PAGE 
CHARACTERISTICS AND IMAGE SHIFTING 

TECHNICAL FIELD OF THE DISCLOSURE 

This invention relates to printing systems, and more 
particularly to techniques for aligning images using media 
5 characteristics and image shifting. 

BACKGROUND OF THE DISCLOSURE 

An exemplary application for the present invention is 
10 in printers having a duplexing function. High-end printers 

on the market today are typically available, either as a 
standard feature or more often an optional feature, with a 
duplexer system to enable two-sided printing. A primary 
purpose of a duplexer is to turn-over the print media after 
15 printing on a first or "front" side, so that an image can 

be placed on the second or "back" side of the print media. 
Typically, for the example of a laser printer, the print 
media starts out in the printer input tray, is picked from 
the input tray, and transported to a printer registration 
2 0 assembly. After being deskewed by the registration assem- 

bly, the media is then transported through the imaging and 
fusing areas to a diverter assembly. The diverter assembly 
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typically has two moveable paper guides that determine by 
their position the flow of the media. The print engine 
firmware controls electric solenoids to determine the 
position of these guides. The first guide or diverter 
5 determines whether the sheet is diverted into the duplexer, 

or is allowed to continue on to one of the output destina- 
tions. The second diverter determines whether the sheet 
will be diverted to the face-down output bin or will 
continue straight out of the engine to the face-up output 
10 bin. 

A significant challenge to the printing industry is 
aligning the backside image (second side printed) with the 
front side image (first side printed) . This is especially 
true when the image is "full bleed" (i.e. the image extends 
15 to the edge of the sheet or page) , which can be achieved 

through the more common process of post printing trimming 
operations or printing right to the edge of the page with 
zero margins . 

Standard duplexing operations use one edge for page 
20 registration when printing the first image and the opposite 

edge of the media for registering the second printed image. 
In other words, the leading edge of the media when the 
first image is printed becomes the trailing edge for 
printing the second image. The leading and trailing edges 
25 of a print media vary in both length and parallelism. This 

presents problems in aligning the first side and second 
side images. 

There are also inaccuracies in the absolute and 
relative placement of the lateral edge of the media on both 
3 0 the front side and the back side. Mechanical guides have 

been employed in the past to help steer the media. 



SUMMARY OF THE DISCLOSURE 

Techniques for printing an image on a print medium are 
described. In accordance with an aspect of the invention, 
a method for printing an image on a print medium comprises: 
positioning the print medium at a print zone; 
determining actual size and/or placement charac- 
teristics of the mediums- 
using the size and placement characteristics to 
digitally shift an image to be printed relative to a 
nominal image characteristics- 
printing the shifted image on the medium. 

BRIEF DESCRIPTION OF THE DRAWING 
15 

These and other features and advantages of the present 
invention will become more apparent from the following 
detailed description of an exemplary embodiment thereof, as 
illustrated in the accompanying drawings, in which: 
2 0 FIG. 1 is a diagrammatic illustration of a duplexing 

media path in a printing system. 

FIG. 2 is a diagrammatic top view of the printing 
system and the print zone. 

FIGS. 3A-3B diagrammatically illustrate the print 
25 medium with respective front side and back side images. 

FIGS. 4A-4C illustrate a misalignment between the 
front and back side image printing caused by shifting the 
medium in a lateral direction, and an image shift in 
accordance with the invention. 
30 FIGS. 5A-5C illustrate a misalignment caused by a 

shortened print medium, and an image shift in accordance 
with the invention. 
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FIGS. 6A-6C illustrate a misalignment caused by non 
parallelism of the top and bottom edges of the print 
medium, and an image shift in accordance with the inven- 
tion . 

5 FIG. 7 is a flow diagram of steps in an exemplary 

implementation of a printing method in accordance with 
aspects of the invention. 

FIG. 8 is a simplified schematic block diagram of 
aspects of a printing system which can embody aspects of 
10 the invention. 

FIGS. 9 and 10 are schematic illustrations of the 
front and back sides of a print media, showing various 
parameters useful in calculating image shifts in accordance 
with aspects of the invention. 

15 

DETAILED DESCRIPTION OF THE DISCLOSURE 

FIG. 1 illustrates a duplex media path 2 0 through a 
printing system 50. A medium 10 in sheet form has a first 

2 0 edge lOA and a second edge lOB, which are transverse to the 

direction of media advance. While ideally these edges have 
the same nominal length and are perfectly parallel to each 
other, in practice there is some variation in length and 
the two edges are not parallel. The lateral edges of the 

25 media can also be non-parallel. Moreover, the medium 10 

can also be rotated slightly when delivered to the system 
print zone 30. These variations from the nominal case 
present problems when the system prints in a duplex mode. 

Consider the case in which the medium 10 is moved in 

30 a direction 32 on path portion 20A to the print zone 30 to 

print the first side (first side image) . In this case, 
edge lOA is the leading edge, and edge lOB is the trailing 
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edge. Once the first side printing is completed, the 
medium is passed along path portion 2 OA and into a duplex 
path portion 20B until the trailing edge lOB passes the 
path junction 2 0E. Now the direction of movement of the 
5 medium 10 is reversed, and the trailing edge lOB becomes 

the second side leading edge. This leading edge lOB is 
directed into path portion 2 0C and the medium is passed 
along path portion 2 0D to the print zone 30. As a result 
of the duplexing path, the medium has been flipped, so that 
10 for printing the second image on the second medium side, 

the leading edge is edge lOB, and the trailing edge is edge 
lOA. 

In accordance with aspects of this invention, the 
printing system tracks the placement of the medium 10 in 

15 the print zone in directions orthogonal to the feed direc- 

tion 3 0 to enable shifting the image for alignment in those 
directions. By measuring and tracking the media character- 
istics and its placement in the printer, the printer 
controller digitally shifts and rotates if necessary the 

2 0 image to optimally align the second image printed with the 

first image printed. This can be accomplished by digitally 
shifting the image, trimming the image (i.e. electronically 
discarding some pixels) , or modifying the initial starting 
position of the medium (i.e. top of the sheet or form) by 

2 5 moving the medium. In an exemplary application, the 

position of the leading edge and at least one lateral edge 
of the media is measured, and this data used to determine 
position characteristics. The leading edge position may be 
measured at a single point, or at multiple points along the 

3 0 leading edge. In some applications, e.g. higher end print- 

ing systems, the media rotation relative to the feed 
direction is also tracked, and the controller is adapted to 
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digitally rotate the image if necessary to optimally align 
the second image printed with the first image printed. If, 
for a given application, the image is not rotated, then 
measuring the leading edge position at a single point may 
5 be sufficient. 

FIG. 2 is a diagrammatic top view of the printing 
system 5 0 and the print zone 30. The system includes, in 
this exemplary embodiment, a scanning carriage which moves 
along a carriage scan direction 62 which is transverse to 

10 the print media advance direction 32. The carriage holds 

one or more ink jet printheads 64, which may be permanent, 
semi -permanent or disposable printheads, depending on the 
design of the printer. A slewing optical sensor 70 is 
mounted on the scanning carriage, and performs the function 

15 of gathering print media attributes and placement data 

regarding a sheet of print media being advanced to the 
print zone 30 by a print media advance roller 80. Thus, as 
the carriage is slewed across the print zone 30, the sensor 
can provide sensor data regarding the positions of the 

2 0 leading and trailing edges of the print media, and those of 

the left and right margins of the print media. In one 
exemplary embodiment, the sensor 7 0 includes a 1 pixel by 
N pixel CCD array, with a field of view to see the edge of 
the medium. The length of the CCD array will depend on the 

25 particular application; in an exemplary embodiment, a 1 x 

100 pixel CCD array can be employed. In an alternative to 
slewing the sensor, the carriage can be parked along the 
medium edge, to sense the edge as the medium is moved along 
the media path to the print zone. 

30 FIG. 3A diagrammatically illustrates the print medium 

10 for printing a front side image, comprising in this 
simplified example lines lOOA and lOOB with an image center 
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at 10 OC. The image perimeter is indicated by dotted line 
lOOD, illustrating that the image is slightly oversized 
with respect to the size of the medium 10, i.e. a full 
bleed image. Of course, in practice, the image can be 
5 text, a color image, or a combination of text and image. 

Moreover, while a full bleed image is illustrated here, the 
invention is useful for images that have margins, i.e. 
images which are smaller than the media. FIG. 3A also show 
a back side image indicated as dashed lines llOA, llOB. 

10 The front side image is printed top to bottom, i.e. from 

the edge lOA to the edge lOB, in a printing direction 120 
relative to the medium 10. To print the image in this 
exemplary embodiment, the medium is moved in direction 32 
after printing each swath. 

15 Now consider the situation after the print medium 10 

has passed through the duplexing path after printing the 
front side image, so that the sheet has been flipped over 
and advanced to the print zone, with edge lOB now the 
leading edge. The front side to back side image alignment 

20 is important. The back side image comprising lines llOA, 

llOB, with image perimeter llOD is printed bottom to top, 
i.e. from edge lOB toward edge lOA. Ideally, the image 
centers of the front and back side images coincide, and the 
image boundary HOC coincides with the media edges for a 

2 5 "full bleed" image. A "full bleed" image to be printed is 

typically slightly oversized with respect to the size of 
the media on which the image is to be printed. In the 
printing industry, it is common to print full bleed images 
on oversized media, and then trim the media after printing. 

30 Several common anomalies are illustrated in FIGS. 4A- 

6C, with the anomalies shown in exaggerated form for 
purposes of this description. FIGS. 4A-4C illustrate a 



10003568 



misalignment caused by a print medium 10 ' which is not 
square, and by the medium 10' being shifted in a lateral 
direction, i.e. in a direction transverse to the media 
advance direction, by the media flipping process. The non- 
5 squareness of the medium 10' is evident in FIG. 4A, wherein 

the lateral edges are not at 90° angles with respect to the 
leading edges. The front side image could be rotated prior 
to printing to correct for leading edge misalignments. 
However, there is typically a "deskew" process during the 

10 media feed process to align the leading or lateral edge, 

and so image rotation of the front side image is typically 
not necessary. FIG. 4B shows the lateral shift in the 
medium 10', with the uncorrected position of the backside 
image perimeter llOD. This anomaly is solved by electroni- 

15 cally shifting the center HOC of the back side image in 

the same lateral direction as the media has shifted, as 
illustrated in FIG. 4C. The carriage 60 has the range to 
move the printheads somewhat past the nominal lateral edges 
of the medium. The shifting is typically accomplished by 

2 0 shifting the printing start position, and then trimming the 

image data that extends beyond the edge of the medium, i.e. 
by discarding pixels at the lateral side(s) of the image 
prior to printing to accomplish the shift in the image 
center . 

25 FIGS. 5A-5C illustrate the problem of a misalignment 

caused by a shortened or lengthened print medium, i.e. a 
print medium whose length is shorter or longer than a 
nominal sheet length. Here, for example, a short medium 
10' ' is shown in FIG. 5A with the front side image perime- 

3 0 ter superimposed. FIG. 5B shows the nominal misalignment 

of the front and back side uncorrected images, with the 
lines llOA, HOB at the right lateral edge offset from 



10003568 



the front side lines llOA, llOB. To correct this anomaly, 
the back side image is shifted along the media feed axis 
to reposition the image at perimeter llOD', as shown in 
FIG. 5C, so that now the right edges of the image lines 
5 llOA, llOB coincide with the right edges of the front side 

image lines lOOA, lOOB. 

FIGS. 6A-6C illustrate a misalignment caused by non 
parallelism of the top and bottom edges of the print medium 
10'''. FIG. 6A illustrates the medium with the perimeter 

10 lOOD of the front side image and the image center lOOC. 

FIG. 6B shows the medium 10 ' ' ' after the front side image 
has been printed, and the medium 10 ' ' ' flipped for printing 
the back side image, with the uncorrected position of the 
back side image shown by perimeter llOD. FIG. 6B shows the 

15 nominal misalignment of the front and back side uncorrected 

images, with the lines llOA, llOB at the right lateral edge 
offset from the front side lines llOA, llOB. The mis- 
alignment is addressed by shifting the center of the image 
in both the media advancing direction and the lateral 

20 direction (i.e. in X and in Y) , and by rotation of the 

image. The corrected image is shown in FIG. 6C, with the 
perimeter llOD'' of the corrected image. Now the right 
terminal edges of the corresponding front and back images 
coincide as desired. 

25 To further illustrate the digital image shifting, for 

an exemplary embodiment, FIGS. 9 and 10 show a front side 
and a back side of a print medium, wherein the leading edge 
of the medium is used as the registration edge. The 
desired data outputs are the following: 

3 0 Pxfl = distance from printer datum to the 

lateral edge of the media on the front side leading 
edge . 
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Pxf2 = distance from printer datura to the 
lateral edge of the media on the front side trailing 
edge after it is advanced into the print zone. 

Pyf = distance from printer datum to the leading 
edge of the front side media as it is in the print 
zone . 

Pyb = Distance from printer datum to the leading 
edge of the back side media as it is in the print 
zone . 

Pwt = Page width (can be measured when loaded or 
anticipated based on user input) . 

Pll = Page length on the left side (most likely 
tracked as it is printed on, but can be measured prior 
to loading or anticipated based on user input) . 

Plr = Page length on the right side (most likely 
tracked as it is printed on, but can be set equal to 
Pll) . 

Plw = Distance between the points where Pll and 
Plr are measured. 

II = Image length. 
Iw = Image width. 

Pxbl = Distance from printer datum to the lateral 
edge of the media on the back side leading edge. 

The following are illustrative output data and sample 
calculations . 

Ixf = Distance from printer datum to the lateral 
edge of the image to be printed on the front side. 

Ixf = (Pxfl - ( (Iw-Pwt) /2) ) . 

lyf = Distance from printer datum to the leading 
edge of the image to be printed on the front side. 
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lyf - (Pyf - ((Il-Pll)/2)), or = (Pyf - ( (II - 
(Pll +Plr)/2)/2) ) . 

Ixb = Distance from printer datum to the lateral 
edge of the image to be printed on the back side . 
5 Ixb = Pxbl -(Pxf2-Ixf) - Pll* ( (Pll-Plr) /Plw) , if 

image rotation is used. 

Ixb = Pxbl -(Pxf2-Ixf), if image rotation is not 

used. 

lyb = Distance from printer datum to the leading 
10 edge of the image to be printed on the back side. 

lyb - Pyb - (Pyf-Iyf) + (Pll-Ill) . 
lang = Rotation angle of image to be rotated on 
the back side of the media. 

lang = arctan ( (Plr-Pll) /Plw) . 

15 

A lateral edge could alternatively be used as the 
registration edge, and in this case different equations 
would be used. 

FIG. 7 is a flow diagram of steps in an exemplary 

20 implementation of a printing method 200 in accordance with 

aspects of the invention. At step 202, an initial sheet of 
the print medium is loaded and advanced to the print zone. 
At 204, the top of the page characteristic is measured, 
i.e. the placement of the leading edge relative to the 

25 print zone. This includes at least one measured point 

along the leading edge. Higher end products can measure 
skew or angularity of the leading edge, by measuring at 
least two points along the leading edge. A page length is 
assumed at 206, based on user inputs. At 208, the page 

3 0 width and absolute location of the leading edge is measured 

to determine the position of the leading edge relative to 
the printhead carried by the carriage. The image is 
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centered horizontally (laterally) , and the first pass of 
data is printed at step 210. 

At 212, the medium is advanced for the next swath. 
The lateral edge of the medium 10 is measured and tracked, 
5 and the next swath is printed. After completing the swath, 

if the end of the page has not been reached at decision 
216, operation returns to step 212 to advance the medium 
for the next swath, and steps 214 and 215 are repeated 
until the end of the page is reached at 216. Once the page 
10 end is reached, the page width and bottom of the page 

characteristics are measured, i.e. the width dimension and 
optionally the angularity of the trailing edge, and the 
page length and optionally the edge parallelism and skew 
are measured. 

15 At 220, the sheet is passed through the duplex system 

to flip the sheet, and return the flipped sheet to the 
print zone, where the trailing edge for printing the front 
side image is now the leading edge for printing the back 
side image. At 222, the leading edge page characteristic 

2 0 and absolute location are measured using the carriage 

sensor. Then at 224, the lateral and page shifts, and 
optionally the rotation shift, necessary to match the front 
side image are calculated. These shifts are applied to the 
back side image, and the shifted back side image is printed 
25 at 228. Instead of electronically shifting the image 

relative to the media, the media could be shifted in some 
applications to correct the misalignments illustrated in 
FIGS 5A-5C. 

FIG. 8 is a simplified schematic block diagram of 

3 0 aspects of a printing system which can embody aspects of 

the invention. A controller 150 such as a microcomputer or 
ASIC receives print job commands and data from a print job 
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source 96, which can be a personal computer, digital camera 
or other known source of print jobs. Commands can typical- 
ly also be entered via user input 94 . The controller acts 
on the received commands to activate the media drive system 
5 90 to advance a print medium sheet along a media path to 

the print zone. The controller is responsive to sensor 
data from the carriage media sensor 70. The carriage drive 
82 is driven by the controller to position the carriage 
holding the printhead(s) 64 for commencement of a print 

10 job, and to scan the carriage in a direction transverse to 

the media path. Firing pulses are sent to the printhead(s) 
64. The controller receives encoder signals from the 
carriage encoder 84 to provide position data for the 
carriage. The controller is programmed to advance incre- 

15 mentally the sheet using the media drive system 90 to 

position the sheet for successive swaths, and to eject the 
completed sheet into the output tray, or alternatively 
activate the duplex system 92 for duplex printing. 

An advantage of the alignment technique is automatic 

2 0 registration of the first and second side images that will 

eliminate page-to-page and batch-to-batch variations. 

The image shifting technique also has utility in 
simplex printing. In this case, the leading edge is 
measured, and optionally the page distance to the trailing 

2 5 edge, to determine the image shift in the media feed 

direction. The absolute position of the lateral edge and 
the overall width is measured to determine the shift of the 
image in the lateral direction. Optionally the leading 
edge data can be used to determine absolute rotation of the 

3 0 medium, to calculate a matching rotation of the image. 

It is understood that the above -described embodiments 
are merely illustrative of the possible specific embodi- 
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ments which may represent principles of the present inven- 
tion. Other arrangements may readily be devised in accor- 
dance with these principles by those skilled in the art 
without departing from the scope and spirit of the inven- 
tion. 



